Acetylene-d,, C2D2 , is known to exist in two crystal structures. The neutron powder diffraction data of the orthorhombic phase for temperatures between 4.2 K and 148.7 K have been analyzed and the refined lattice parameters and the calculated unit cell volume tabulated. By expressing the observations as functions of the vibrational energy, values for the Debye characteristic temperature and the static lattice and zero-point quantities are calculated with the method of least squares. Theoretical values for the coefficient of thermal expansion, quantities proportional to the isothermal compressibility, and the calculated density of solid C2D2 are given. The average frequencies associated with the characteristic temperatures for the lattice vibrations along the a-and b-axes are calculated. Finally, an estimate for the latent heat of the cubic-orthorhombic transition is obtained from the Clausius-Clapeyron equation.
Introduction
Acetylene, C2H2 , is a linear symmetrical molecule with a carbon-carbon triple bond. In the gas phase the molecular dimension of C2H2 and its deuterated derivatives, C2D2 and C2DH, is about 1 3.3 Ä. In the solid state, C2D2 and C2H2 are reported to undergo a phase transition at 138* .. 149K 2 ' 3 and 133 K 4 respectively. In single crystal X-ray studies 4 the high temperature phase of crystalline C2H2 was found to have the cubic Pa3 crystal structure with four molecules per unit cell. Neutron powder diffraction patterns recorded for the upper phase of solid C2D2 at about 5 150K are not in disagreement with the Pa3(8c) special point group. Recently, the crystal structure of the low temperature modification of CoDo was determined. Neutron powder diffraction patterns recorded at temperatures 4.2 K 6 ' 7 , 77 K 8 and 109 K 9 could unambigiously be indexed and refined on the basis of the orthorhombic Acam (No. 64) space group. The high values for the refined temperature parameters would lead one to expect considerable thermal motion of the atoms. If succesfully interpreted as rigidbody molecular translational and librational motions 10 the results might give an estimate of the amplitudes of the lattice vibrations and the angular librations of the molecules.
The D^(Acam) structure with two molecules in the spectroscopic primitive unit cell enables three Reprint requests should be addressed to: Department of Physics, University of Helsinki, Siltavuorenpenger 20 c, SF-00170 Helsinki 17, Finland. translational lattice modes, two of which being infrared active and one inactive 11, 12 . In the low frequency lattice region four Raman-active rotational modes are expected for both C2H2 and C2D2 with only 13 ' 14 three of them observed.
During the neutron powder diffraction experiments 3 ' 5-9 a considerable amount of information was collected on the dependence of the lattice parameters on temperature for crystalline C2D2. Compared with the conventional X-ray technique, the low intensity of the neutron beam and the relatively moderate resolution of the diffracted intensity maxima lead to peak positions of moderate accuracy. Further difficulties arise from the instrumental geometry and the accuracy of the wavelength 15 used. On the other hand, however, by a suitable choice of the cryostat material, the cryogenic coolant and the sample holder, the attenuation of the thermal neutron beam can be kept in reasonable limits. Some earlier X-ray diffraction studies have been reported 4 ' 17 for C2H2 with incomplete lattice parameter determinations, whereas apparantly no data on C2D2 have been published. This led us to a reconsideration of the information available from the powder patterns.
In this paper the observed lattice parameters, the calculated unit cell volume, and the density of acetylene-d2 as a function of temperature is reported. Expressing the lattice parameters and the unit cell volume as functions of the internal energy, Debye temperatures are obtained. Theoretical values for the coefficients of thermal expansion, values proportional to the isothermal compressibility, and the difference between the isothermal and the adiabatic compressibilities are given. Finally, the average frequencies for the lattice vibrations along the crystallographic a-and b-axes are calculated and an estimate for the latent heat of the solid-solid phase transition is obtained from the Clausius-Clapeyron equation.
Experimental
Details of the experimental procedure are given elsewhere 3 ' [5] [6] [7] [8] [9] . The simultaneously observed powder patterns on the multicounter powder diffractometers CURRAN and PANDA (UKAERE, Didcot, England) were amalgamated 7 » 15 to a single powder pattern. The monobromated thermal neutron beam wavelengths and the instrumental zero angles on these instruments and the two single-counter diffractometers PANDA (older version) and D2 (ILL, Grenoble, France) were calibrated using a standard powder specimen (Ni, A1203). All the measurements were carried out on the instrumental focussing side only. Some difficulties were experienced to position the C2D2 sample in the cryostat at the same location as the standard sample on the diffractometer. In order to correct this misalignment it was presumed that the observed angle 2 0 contains a small zero- 
Derived 
The lattice parameters a, b and c and the calculated unit cell volume V at various temperatures are given in Table 1 . The figures in parenthesis are proportional to the estimated standard deviations corrected for the "mean path" scattering (weighing scheme) of the values quoted. In the last columns, the wavelengths and the instruments used are given along with the number of independent single reflexions used in the least-squares calculations according to Equation (2) . Lattice parameters marked with an asterisk are derived with the aid of the more powerful modified profile fitting technique 19 .
The Analysis *
In the diatomic potential model 20 a linear polyatomic molecule is approximated by two interaction centres of fixed distance. The intermolecular pair Notations: P = PANDA (multicounter), PS = PANDA (single-detector), C = CURRAN (5-counter), Grenoble), an asterisk is for Rietveld profile analysis. 
We use this model. The total potential U of the crystal is U = hN2Cm<pm, where Pkk is a dimensionless parameter. We express the potential energy U as a function of the volume 
The thermal expansion of the unit cell volume and the axes referred to the static equilibrium state are written as
The relative coefficient of expansion is approximately defined as 
The temperature variation of the volume and the crystal axes are now written
which for computational reasons is rewritten (Ä, Rn. min) was chosen when possible. The scattering of the observations around the "mean path" resulted in reasonably sharp minima only for V and the lattice parameter c within ± 3 K from &i0. For a and b the minima are shallow, and the estimated error in (9J0 is about ±8K. The final parameters are given in Table 3 . Table 3 . Calculated and derived parameters from leastsquares procedures on Equations (14), (15), (20 
Temperature Variation of Some Quantities
The lattice parameters, unit cell volume, density and the coefficients of thermal expansion of the volume and along the axes are calculated from Eqs. 21 ] we derive to temperature and the parameters listed in Table 3 . The results are given in Table 4 . As a second order yE ßis ^ = zl1 -(2 K -l)JFi/Fs] . (20) The quantity y^ßis is calculated from Eq. (20) at the absolute zero. In this paper K is assumed to be a constant value 9/4 [ Table 2 , Eqs. (7, 8) ], and
The thermal variation of ßi and the isochoric temperature coefficient [Eqs. (74, 79) 21 ] are now
H-Gß&TMß^yvßMCt.
Civ -Civ (&i/T) is the heat capacity at constant volume. The approximation yE ~ K is taken into account inside the brackets of the equations 21 in question. The well-known thermodynamical equation for the difference of the isothermal ß and the adiabatic /?a is
a = volume expansion coefficient, Cp = heat capacity at constant pressure. By applying the first-order approximation Cp ^ Cv Eq. (24) is written in the form
The results are listed in Table 4 . The compressibility quantity yEßv was calculated on the basis of an average yE ßVs 4 YEßvs= I eiyEßis,
where the three terms with e; 1 are the compressions along the crystal axes alone. For heat capacities the tabulated values in Landolt-Börnstein 22 were used. Taking into account the simplifying assumptions and the moderate accuracy of the measurements, the quantities proportional to the isothermal compressibility are given in the quasisolved form, i. e. yE ß-t.
An Application
As mentioned in the introduction, acetylene-d2 undergoes a structural phase transition at about 138 .. . 149 K 2 ' 3 . Although not confirmed, the drastic change from the plastic cubic phase to the orthorhombic system for both C2H2 and C2D2 appears to be of the first order. The narrow range for the thermal hysteresis 3 , the considerable difference in volume (this work, Ref. 5 ), the sudden change in X-ray spectra 4 , the sharp change in the infrared spectra 23 and the rapidness of the reversible transition 2 do support the assumption of a first-order transition with a small latent heat of transition. The well-known Clausius-Clapeyron equation applied here is (dp/dT) y =•-AHtTj(Ttl AVtT) , 
The calculation yields AHtr 80 + 30 J/mole. The estimated error is based on the formula used
i Zi s being the variables in Equation (28). The relative error for the compressibility and the expansion terms are arbitrarily set to 25%, the one for the volume change to 10% and the absolute uncertainty of the temperature to + 5 K.
Discussion
In this study several temperature dependent physical and thermodynamical quantities are calculated, which for reasons pointed out in the introduction, can at best be of only moderate accuracy. It appears, however, that information on the thermal expansion, solid state specific heat and isothermal compressibility of C2H2 and C2D2 is not available in the literature. A single-crystal phonon scattering project on the orthorhombic phase may face dif- Table 5 . Theoretical (this work) and experimental frequencies associated with the translational lattice vibrations. ficulties due to the drastic transition of the cubic single crystal to a powder-like specimen when lowered below 7\r. On account of these considerations the author feels that at the time being the experimental and theoretical properties reported in this article are of some value. A comparison of the calculated frequencies on the basis of 6Vs from Table 4 with experimental v's associated with two infrared active bands in the lattice regions observed in the far-infrared 12 and near-infrared combinations 24 are presented in Table 5 . The simple theory applied in this work results in values which are compatible with the observations and have a fairly similar temperature dependence.
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